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0'o;1ect  of  Thesis. 

Tiie   purpose  of  tliis  inyestigation  was  to 
olDtain  a  satisfactory  yield  of  "benzoio  acid  'bj 
tlie  direct  oxidation  of  toluene  by  cliromic  acid. 

Majiy  difficulties  are  met  in  carrying  out 
this  process,  and  the  ai'nount  of  acid  produced 
is  so  small  that  up  to  the  present  time  it  is 
not  successful  coi:imercially. 

The  difficulties  appear  to  "be  largely 
mechanical,  but  it  is  quite  possible  that  they 
may  be  chemical  in  nature. 

The  first  intention  of  the  writers  in 
conducting  this  investigation  was  to  vary  cer- 
tain mechanical  features.   This,  because  of 
certain  unforeseen  circumst.ances,  was  abandon- 
ed except  to  a  limited  extent.   Attention  was 
chiefl"-  devoted  to  the  study  of  the  process  as 
it  has  been  attempted  up  to  the  present  tir.e. 

A  few  preliminary  tests  showed  that  there 
was  a  great  discrepancy  between  the  amount  of 
chromic  acid  reduced,  and  the  amount  of  benzoic 


aoid  produced.      The  purpov^e   of  the  worli  carried 
out  was  to   explain  the   discrepancy,    and  Tdy  the 
limited  variations  of  conditions  and  apparatus 
possible ,    to   attempt   the  production  of   satis- 
factory amounts  of  hensoic   acid. 


0::iDATIOU  OF  TOLUOL   TO  BEilSOIO    ACID. 

BenzoiG   acid  is  an  article   of  consider- 
alDle   cornmercial   importance,   iDein^'  used  in  med- 
icine,   in  the   d"e   ina.ustrj^    in  calico  printing 
and  as   a  preservative;    also,    certain  of  its 
esters  are  used  as  fruit  essences   and  in  per- 
fumer^^.      Its  value  '.vas  in  I9I8  from  $2.50,    to 
sfE.75  per  pound.      It  is  a   solid,    crjstallising 
in  either  needle  or  leaf-li>e   form,    and  pos- 
sesses  a  characteristic   odor.      It  melts   at 
120°   0.    and   it  ma'J  he   distilled  -ith  steam. 
It   is  readily  soluble   in  absolute   alcohol,    ether, 
carbon     tetrachloride,    carbon  bisulphide,    toluene 
hot  water,    and,    as  will  be  mentioned  later,    in 
certain  acid  mixtures.      It   is  only  slightly  sol- 
uble  in  cold  water.      Following   is   a  table   of   sol- 
ubilities in  water:      One   thousand  parts  of 
water  dissolve   at, 

0°  20''  40°  60°  80°  100° 

I. 'J'  2.9  5.55        11.55        27.15      58.75 

parts  of  ben^ioic   acid.  (Thorpe) 


Oxidation  of  Tolulol  to  Benzoic  Acid. 

The  solulDility  curve  of  "benzoic  acid  in 
water  is,  however,  peculiar,  since  at  90  0. 
the  henzoic  acid  melts  belov/  the  water  and 
there  are  consequently  two  layers  composed  of 
solutions  of  acid  and  water  hut  of  different 
concentrations.   Ahove  115  0.  only  one  layer 
exists  since  the  acid  dissolves  more  water, 
and  the  water  more  acid  until  at  this  temper- 
ature the  layers  are  identical. 

Benzoic  acid  occurs  in  many  plants,  and 
formerly  the  chief  source  was  gum  henzoin, 
from  which  it  is  obtained  by  sublimation.   This 
is  still  the  source  of  the  acid  which  is  to  be 
used  for  medicinal  purpoFies.   The  acid  may  also 
be  obtained  from  hippuric  acid.   This  method, 
which  was  the  chief  source  of  the  acid  produc- 
tion for  the  arts  has  been  largely,  or  almost 
entirely  abandoned  in  favor  of  toluene  oxidation 
methods. 

7/hile  the  available  literature  on  the  sub- 
ject of  benzoic  acid  production  is  not  exten- 


Oxid.ation  of  Toluol  to  Benzoic  loid. 

sive,  consideralDle  work  appears  to  have  been 
done  on  the  sulDiect.   There  are  German  patents 
covering  the  separation  of  "benaonitrile,  0  H5OII, 
from  the  middle  oils  of  coal  tar  distillation 
and  the  suhsequent  saponification  to  henzoic 
acid.   The  acid  recovered  is  said  to  be  very 
pure.   Similar  patents  cover  the  sirailtaneous 
production  of  benzoic  acid  and  phthalic  acids 
from  naphthols  and  other  substitution  products 
of  naphthalene.   This  is  accomplished  by  heat- 
ing the  above  substances  Y7ith  fused  alkalies 
and  o;:idir;ing'  agents.   Blucher,  {Industrial 
Ohemistry;  refers  to  the  Ullman  and  Uzbachian 
process  by  which  toluene  is  oxidized  directlj' 
to  benzoic  acid  by  means  of  potassium  perman- 
ganate.  A  "0^  yield  of  pure  acid  is  claimed. 
ITo  other  reference  to  this  process  was  found, 
however,  b^/  the  x^  re  sent  writers. 

From  the  numerous  German  patents  issued  it 
is  evident  that  much  work  has  been  done  with 
respect  to  the  direct  oxidation  of  toluene:  for 


Oxidation  of  Toluol  to  Benzoic  Acid. 

instance,  oxidation  by  ozone,  using  a  catalytic 
agent.  The  most  important  method,  and  in  fact, 
the  method  by  v/hich  almost  all  benzoic  acid  is 
produced,  is  the  forr.iation  of  henzotrichloride 
by  the  direct  chlorination  of  toluene  and  the 
subsequent  decomposition  of  the  latter  by  heat- 
ing it  v/ith  Water  under  pressure;  G,.  Hr  COlcs  -^ 
2  HgO-^Gs  H5  C  '^  -f.  SHOl.   However,  all  the 
benzoic  acid  prepared  in  this  way  is  contaminat- 
ed with  chlor-benzoic  acid,  hence  it  is  obvious 
that  any  successful  method  involving  the  direct 
oxidation  of  toluene  is  of  advantage,  and  of 
commercial  importance. 

Theory 
Chromic  acid,  CrOg,  when  used  as  an  oxidis- 
ing agent  is  reduced  to  Or^,03,  liberating  three 
oxygen  atoms.   The  reaction  between  chromic 
acid  and  toluene  should  be  CgHgOHg  -^   20r05  r 
GgHgCOOH-fGr^Og^-HgO.   That  is,  one  molecule  of 
toluene  is  oxidised  by  two  of  chromic  acid.   The 
chief  reason  for  the  difficulty  in  oxidiain^ 
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Oxidation  of  Toluol  to  Bensoic  /.cid. 

toluene  appears  to  "be  it£5  lac:i  of  solu'oility  in 
the  oxidizing  agent.   To  overcome  this  tol- 
uene is  vaporized  and  is  passed  under  pres- 
sure through  the  chromic  acid  which  is  contain- 
ed in  a  lead-lined  chamher.   The  temperature 
considered  advisable  is  from  85-  90°  C,  and 
the  pressure  alDout  17N0   pounds.   The  ■benzoic 
acid  produced  remains  dissolved  in  the  c?aromic 
acid,  but  is  removed  by  washing  the  latter  v/ith 
toluene.   The  solution  resulting  from  the  last 
operation  is  steam  distilled;   the  toluene  pas- 
ses over  leaving  the  benzoic  acid  dissolved  in  hot 
water  from  which  it  crystallizes  out  on  cooling. 

"Benzoic  acid  is  quite  stable  in  the  pres- 
ence of  an  oxidizing  agent,  and  is  not  affected 
by  dilute  chromic  acid.   It  is,  hov;ever,  attached 
when  warmed  with  HgSO^  and  LlnO-,  being  converted 
into  phthalic  acid,  formic  acid,  and  002."  (Thorpe) 

Ohromic  acid  is  soluble  in  v;ater,  and  in 
concentrated  sulphuric  acid,   "'hen  dissolved  in 


Oxidation  of  Toluol  to   Benzoic   Acid. 

the  latter  it  liberates  oxygen.      In   sulphuric 
acid  of  1.77   sp.    g.    chromic   acid  is'' said  to  he 
almost  insoluble."      The   acid   solutions  used 
were  prepared  in  the   follov/ing  manner:      A  knov7n 
weight   of  GrO     was  dissolved  in  a  knov/n  amount 
of  hot  V7ater;      sulphuric   acid  was  then  added  to 
the  hot   solution  until   the   G'^g  "began  to  precip- 
itate.     An  effort  w-s  made   to   obtain  an  acid 
solution  of  GrOg,    19:^;    H2SO4,    40^b;    and  water 
4:lfo  by  weight.      The   amounts  of  v/ater  and  GrO^ 
were  calculated  on  that  basis. 

The   acid  mixtures   as  used  were   analyzed  "by 
the  follov/ing  method:    HGl   in  excess  was   added 
to   a  given  weight   of   acid.      BaGlg  ?/as  added, 
precipitating  barium   sulphate.      The  H2SO4 
was  calculated  from  the  BaSO^.      To   the   filtrate, 

containing  the   chromirjn  as  chromate  were   added  a 
foY/  c.c.    of  alcohol.      It  was  then  boiled 
until   the   odor  of   alcohol   disappeared,   when  it 
has  changed  in  color  from  oran;3e   to   dark  green. 
M^OH  in   slight   excess  was  added,    and  the   solu- 


Oxidation  of   Toluol   to   Benzoic    I'^id. 

tion  v/as  "boiled  until   all   cliromium  was  precip- 
itated as  Gr(OH)„,    leavin.'^:  the    supernatant   liq- 
uid  colorless.      "he   3r(0H)^  was  filtered  through 
a  Grooch  crucilDle,    ignited,    and  v/eighed  as  OrpO;-.. 
BZPBRIiffiiJTAL  "JOEZ  PERFORI.^ED 
Several   runs  were  first  made  with  glas?'  . 
apparatus.      Toluene  was  vaporized  from  a  liter 
f  la  sir  equipped  with  a  mercury  manometer.      The 
toluene  vapor  was  passed  into   a  two   liter  flask, 
supported  on  a  water  hath,    and  containing   a 
chromic -sulphuric   acid  mixture   of  approximately 
the   following  composition:   GrO-z,    SO;':-;   HpSOzi,    35^'', 


O' 


and  HpO,  44;.v  hy  weight.   The  toluene  vapor  was 
admitted  tliru  a  glass  tuhe  expanded  at  one 
end  into  a  hulh  ahout  one  and  one  half  inches  in 
diameter.   The  hulh  which  was  helov/  the  surface 
of  the  acid  mixture,  was  perforated  v.^ith  many 
small  holes. 

If  the  hulh  is  carefully  annealed,  the  holes 
m.ay  readily  he  made  by  heating  it  and  touching  a 
hot  platinum  wire  to  the  side.   The  v/ire  is 


Oxidation  of  Toluol  to  Benzoic  Acid. 

quickly  pulled  av;ay  and  a  short  tulDe  is  then 
drav:n  out  from  the  side  of  the  bulb.   V.'hen  this 
is  broken  off  a  hole  of  stiff icientl3^  snail 
diameter  is  produced. 

The  flask,  containing'  the  acid  .mixture , 
was  also  connected  to  a  condenser. 

The  toluene,  in  the  liter  flask,  v/as  heat- 
ed to  it's  boiling  point,  III°G.,  and  the  vapor 
was  passed  thru  suitable  connections  into 
the  acid.   A  considerable  quantity  condensed 
before  reaching  the  acid,  and  this,  consequently, 
would  not  react  with  the  acid.   Considerable 
vapor  passed  over,  however,  as  was  evidenced  by  the 
violent  bubbling  of  the  vapor  thru  the  acid.   The 
bulb  quite  effectively  accomplished  its  object 
of  distributing  the  vapor  thruout  a  considerable 
area.  Tiie   manometer  registered  a  pressure  of 
from  2  to  4  inches  of  mercury,  corresponding 
roughly  to  I  to  2  pounds  per  square  inch. 


9. 


Oxidation  of  [Toluol  to  Benzoic  Acid 

The  temperature  control  waF^  not  carefully 
adjusted,  and  a  higher  temperatu.re  than  \'is.r=>.   de- 
sired y:s.f.   ohtained.   The  temperature  of  the  ■'^/ater 

0 

hath  arof?e  to  94  0.,  '^^hile  that  of  the  reacting- 
suh stances  was  ahout  10  higher.  Then  ahout  tvjo 
liters  of  toluene  had  passed  thru,  the  opera- 
tion being  interrupted  while  more  toluene  was 
added  to  the  vaporisinr;  flash,  the  run  v;as  stop- 
ped.  Gonsiderahle  toluene  which  had  passed  from 
the  acid  containing  flash  thru  the  condenser  was 
collected.   It  was,  however,  useless  to  attempt 
to  msuze   any  accurate  chech  upon  the  toluene  used, 
and  recovered,  because  of  leal^age,  etc.  during 
the  operation. 

The  toluene  remaining-  with  the  acid  was  syphoned 
off,  and  the  acid  was  thoroughly?-  v.'ashed  three 
times  v.'ith  toluene.   These  washings  were  added  to 
the  first  toluene  removed,  and  the  combined  amounts 
were  distilled  with  steam.   The  toluene  distilled 
over,  being  at  first  colorless, but  v/hen  nearly;- 
all  remxved  it  became  yellow. 
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Oxidation  or  Toluol  to  Benzoic  Acid. 

Finally  a  watery,  j^ellow  liquid  cai::e  over  and 
inter.r.ingled  with  this  vrere  drops  of  a  yellow- 
ish oil.   This  oil  formed  a  distinct  layer  on 
top  of  the  other  liquid.   At  this  sta^e  no  more 
toluene  was  coining  over.   The  oil  and  the  yel- 
lowish solution  possessed  an  odor  similar  to 
that  of  nitro  'benzev.e.      In  only  one  run  was  the 
distillation  carried  on  any  farther  the.n  this. 
In  the  one  tv.ii   just  mentioned,  the  liquid  Tdo- 
ing  distilled  was  diviced  into  two  equal  parts 
just  v.-hen  the  toluene  had  ceased  coning-  over. 
One  part  v:as  concentrated  and  cooled,  and  the 
henzoic  acid  crystallizing  out  v;as  removed  hy 
filtration.  The  other  portion  was  still  further 
distilled  with  stesxi.   In  this  latter  case  the 
distillate,  after  a  time,  "became  less  colored, 
and  the  odor  of  "benzoic  acid  was  much  in  evi- 
dence.  The  distillation  v/as  discontinnued 
here,  and  the  "benzoic  acid  v'as  separated  from 
the  remaining  liquid  in  the  sajne  manner  as  in 
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Oxidation  of  Toluol  to  Benzoic  Acid 

th-e  case  of  the  other  portion.   .',11  of  the  dis- 
tillates were  preserved. 

The  chromic  acid  had  been  partly  reduced: 
20xOr= — >Gr  Cg-h  0-.   The  amount  of  reduction  was 
determined  in  the  following  manner:   To  a  few 
c.c.  of  acid  was  added  an  excess  of  standard  fer- 
rous ammonium  sulphate.   The  color  of  the  acid, 
which  had  heen  previousl"  "been  diluted  with  wa- 
ter to  50  c.c,  turned  a  dark  grass-green.   The 
excess  of  the  ferrous  ammonium  vSulphate  v;as  ti- 
trated with  standard  Y.     E.InO..   The  end  i^oint  is 

4 

the  appearance  of  a  pinliish  tinge  which  is  oh- 

served  in  the  green  solution.  It   the  end  point 

the  solution  suddenly  darkens.   The  amount  of 

GrOg  present  is  calculated  from  the  amount  of 

ferrous  ammonium  sulphate  reduced.   ICrOc-  - 

o   __ 

SPeSO^dTH^)^  30^.611^0,  This  analysis  showed  a  com- 
plete reduction  of  the  chromic  acid  solution, 
nevertheless,  the  amount  of  benzoic  acid  re- 
covered v/ap  very  small,  entirely  out  of  pro- 
portion to  the  theoretical  amount. 


Oxidation  of  Toluol  to  Benzoic  acid 

All  of  tlie  reduced  acid  was  saved  for  sub- 
sec[uent  v/ork.   Incidentally  it  sliould  Ido  mention- 
ed that  tlie  reduced  acid  solution  can  "be  electro - 
lytically  rcoxidized  to  chromic  acid, 

For  the  pur-pose  of  obtaining  better  temper- 
ature and  pressure  control,  and  of  using  apparatus 
similar  to  that  v/hich  would  be  used  industrially, 
a  different  type  of  oxidizing  chamber  was  used. 

This  chamber  consisted  of  a  rectangular  lead 
box  10  inches  long,  8  v/ide,  and  6  inches  deep. 
The  lead  v/as  l/S  inch  thick,  and  was  bent  out- 
ward at  the  top,  forming  a  horizontal  surface 
1/2  inch  wide,  and  extending  entirely  around  the 
box.   A  pyrex  bsking  jdish  of  transparent  glass 
v;as  used  as  a  cover.   A  l/2  inch  lead  pipe  en- 
tered the  box  2-I/2  inches  from  the  top,  but  it 
wap  bent  downward  to  within  I/2  inch  of  the  bot- 
tom and  then  around  the  sides  of  the  box  one -half 
inch  from,  the  bottom,  and  one -half  inch  from  the 
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v/alls,      The   end.  of  the  pipe  wa?*   sealed,    and  at 
the  point   of  entrance  the  pipe  was  made   an  in- 
tegral part   of  the  "box  "by  "burning,      numerous 
small  holes  vere  punched  in  the  pipe   along  its 
inner   surface.      Several  holes  "■ere   drilled  in 
the  "box.      One,    I-l/s  inches  from  the   top,   near 
a  corner  of  the  hox  on  the    side   opposite   that 
through  v.:hich  the  pipe   entered,   v;ap  used  to   admit 
a  1/2  inch  glars  tube.      This  glasr  tuhe  v;as  con- 
nected to    a  condenser,    a  valve  "being   inf^erted  in 
the   connection.      A  mercurj'  manometer  ".vas  inser- 
ted through  another  hole,    likewise,    I-l/s  inches 
from  the   top,    and  hy  borin-g-   a  hole   diagonally 
through  a   side   of  the  ho::,    it  was  possible   to 
insert   a  thermometer   so   that   it   extended  nearly 
to   the  bottom.,    and  yet  the   hole  v.'ould  not  be  be- 
low the    surface   of  the   acid  in  the   box.      All   the 
holes  v.-ere  made   lesZt  proof  by  using   a  mixture   of 
asbestos,    3aS0^,    and  water-glass. 

The   distilling  vessel  for  toluene   consisted 
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of  a  copper  vessel  with  a  cap  from  v/liioli  extended 
at   right   angles,    a   short   tube.    This  tuhe  was  In- 
serted in  the   lead  pipe   e::t ending   into   the  hox, 
and  the   joint  was   sealed  v;ith  the   ahove  mentioned 
mixture.      The   cap  '"as  not   a   screw  cap,   "but  was 
fastened  hy  a  clarnp.      ITo   convenient  gasket  v;as 
available,    and  it  was  found  later  that   there  was 
considerr-hle  lealiage   of  toluene   at   this  place. 
This  Y/ould  have  heen  the  most   su.itahle  pointfor 
a  pressure  gauge,   "but   it  was  not   found  convenient 
to   insert   one. 

In  mailing  the   runs,    a  measured  arnou.nt  of 
acid  was  pi   ced  in  the   box,    and  the  box  wa-   then 
supported  on  a  water  bath.      The   cover  was  placed 
on  the  box  and  all   craclis  were    stopped  v/ith  the 
BaSO^, ,    asbestos  water-glass  mixture.      The   cover 
was  held  in  place   b"  suitable   clamps.      T"^e   tem- 
perature  in  the  box  v;as  raised  to   85     0.,    and 
then  the   toluene  wa^^  heated.      The   toluene   vapor 
then  passed  over  into   the   acid  mixture.      The 
valve  between  the  box  and  condenser  v/as  closed. 
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In  the   first   run  tlie   toluene   came   through 
quite  vigorously,   "but   the   distrihution  v/as  not 
v;hat  v/as  desired.      l.Iost   of  the  vapor  escaped 
through  the   first   fev/  holes.      In  the    second  run 
this  was  corrected  "by  sealing   these   holes  v/ith 
water-glass.      In  this  latter  run  the   distrihu- 
tion  was  very   satisfactory.      Considerable   toluene 
vapor  was  ohserved  ahove   the   acid   surface.      But 
little  pressure  v/as  indicated  "by  the  manometer. 
This,    of  course,    did  not  register  the   actual 
pressure   of  the   toluene  which  was  forced  through 
several  inches  of  acid.      In  the    second  run  a 
pressu-re   of  one   inch  of  mercur^^  was   registered 
"by  the  manom.eter.      In  no   case   did  the   temperature 
esceed  90   . 

;.fter  the   runs  were   completed  the   same  methods 
of  "benzoic   acid  extraction  were   follov/ed  and  the 
same   analyses  v;ere  made   as  have   already  "been  de- 
scrihed  in  the   case  of  the  preliminary  runs. 

It  was  ohser-/ed  that  the   acid  mixtures  which 
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had  "been  used  in  the  oxidation  iDecame  partly 
solid  after  standing  some  days.   Tlie  solid  por- 
tions did  not  give  tlie  appearance  of  pure  chrom- 
ic salts,  consec[uently  much  attention  vas  devot- 
ed to  tests  on  the  acid  to  deterr.iine  Vvliether,  or 
not,  the  hensoic  acid  had  "been  entirel;,'"  removed 
iDy  washing  with  toluene.   It  was  farther  noticed 
that  when  "benzoic  acid  was  dissolved  in  hot  di- 
lute, iigS04,  ^"^  crystallized  out  on  cooling. 
\7hen,  hov/ever,  some  of  the  chromic  acid  mixture 
was  added,  and  the  "benzoic  acid  hrought  into  solu- 
tion, it  remained  in  solution,  when  cooled. 

Since  "benzoic  acid  distills  in  steam,  a  steam 
distillation  '-vaR  conducted  on  the  chrom.ic  acid. 
ITo  trace  of  "benzoic  acid  '.vap  found  in  the  distil- 
late.  Various  solutions  were  used  ir.  the  attempt 
to  extract  the  acid.   Small  axiounts  of  the  various 
washings  were  evaj' orated  irom  watch  glasses.   Traces 
of  "benzoic  acid  v/ere  left  hj   all  of  the  solvents 
used,   .^ong  the  solvents  used  were  GSg,  alcohol. 
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ether,    OCl^,    tolr.ene,    etc.      Tlie  OSg   appeared  to 
iDe   the  most   effective,      l.'evertlieless,    the   tests 
indicate   that   there   is  no   consideralDle   ai'noiint 
of  ■benzoic   acid  left   in  the   chroniic   acid. 

-■-Icohol   and  ether  acted  differently-  than  the 
other   solvents.      After  these   tv;o  had  evaporated 
fron  the  ■.ratch  glad's,    a  yellov/ish  oil  \"a^  left 
with  the  v;hite  hensoic   residue,    and  v/hen  the  liq- 
uid had  heen  completely  evaporated  the   residue 
emitted  a   strong   acetate   odor. 

It  has  "been  mentioned  that  in  the    steam 
distillation  a  cut  v;.?  oTDtaired  in  the   distillate 
consisting'  of  a  yellov/ish  vratery  liquid  and  lighter 
yellov;  oil.    It  wap  first   arsumed  that   the   color 
was   due  to   a  chromium  comxpound  that  might  have  "been 
carried  over.      This  was  found  not  to   he   the   case. 
Tvhen  alcohol  w:.s  added  to   a  portion,    and  the  mi:c- 
ture  wan  "boiled,    no   change   of   color  fror.  yellow 
to  green  was  produced,      '.,'hen  the   odor  of  alcohol 
had  "Deen  removed  "by  "boiling,   IIH^OK  was  added,    and 
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the   solution  yis.  s  kept   at   the  'boiling  point  for 
a  few  minutes.      :.  flocculent  precipitate   appear- 
ed.,   and  tlie   licxuid  turned  reddisli  "brov.-n,      Tae 
precipitate  was  filtered  off   and  ignited.      It 
proved  to  "oe   organic   in  nature.      1  part   of  tlie 
yellov;  liquid  v;as  raised  to   its  "boiling  point. 
It  v;as  found  to  "boil   at  102^   0.  ,v/itli  no   change 
after   some  mirutes  of  'coiling.      It  possesF^ed  a 
disagreealDle   odor,    similar  to    thc.t  of  nitro- 
"benzene,    and  irritated   the   e^es.      Ileedless  to 
state,   no   contamination  with  the  latter   suTd- 
stance  was  possihle. 

The   toluene  used  h  :.d  "been  washed  '.7ith  H2SO4, 
so   that   contamination  v/ith  2   and  3   -  methylthio- 
phene  was  not  i::OSRihle.      3oal   tar  toluene,    not 
sulDiectcd  to   this  washing,    is  alv:ays   so   contam- 
inated. 

The  tests  performed,    and   the  puritj^  of  the 
reagents,    indicate   that   the   yellov;  product   is 
produced  during   the   o::idation,    and  might  he   an 
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important   factor  in  tlie   lac::  of   success   of  the 
process, 

DA? A  AITD  0.iLOULATIOITf^ 
Standard  Solutions: 

Ferrous  aninoniuni   sulpliate  1   c.c.    contains 
.02515  gm.    FeSO^. 

Potassium  pe2nnan£'anate   1   oc,    r  1.405  c.c. 
FeSO^   (ZH)^   SC^   sol. 
Acid  used;      .^al^^sis: 

CrOo'      500  gm.      25. 5^; j 

H  0      917   "  4.2.75:^. 

2 

HgSO^   729  "     55.97;2 
Gravimetric  analysis*.  1  c.c.  acid  r.2545 

gm.   OrO^. 

Bo:-  run  I. 

Acid  used 2  liters 

Toluene  used,    including  \vashings.    5,750   c.c. 
•!:oluene    recoYered,    ''  "        ..      5,633   c.c. 

Toluene   consiimed 62  c.c. 

height   of  ■ben::oic   acid  recovered.        2.49  gm. 
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Final   acid  analysis,    1  g.g.    contains..    .1571  [^m, 

un  r  e  d.u  c  e  d     0  rO  n- . 
o 

GrO.  used  ner  c.c.    -    .2543   -    .1571   =u       .0972  g-m. 

Total  OrO  v.p.ed.,    .0972  Z  £000 199.4   " 

Theoretical  yield  of  loensoic   acid  based 

on  toluene   consumption 70.  77gm. 

Theoretical  yield  based  on  toluene   con- 
summation OrOr 118. 55. 

o 

Box  run  II : 

Acid  used,  2  liters. 

Toluene  used,  including  v/ashings. . . .  3000  c.c. 

Toluene  recovered,  "      "     2850  " 

Toluene  consumed  150  o .  c. 

V7eight  of  benzoic  acid  recoyered. .  .  ,   5,97  gm. 

Final  acid  analysis,  1  c.c.  =  .1529  gm.  OrO^. 

OrO-  used  vev   c.c.  -  .2545  -  1529  ...   .1014. 
o      ~ 

Total  OrO^  used,  202. 8  gm. 

o 

Theoretical  yield  of  benzoic  acid  based 

on  toluene  consumption 171.  27. 

Theoretical  Tield  GrO^  based  on  toluene 
consumption 123.  8 
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sample   oaloulations; 

Toluene,   molecular  v/eiglit,      92.1;      Sp.g...    .8614 
I^in  I,    5"   G.c.    used,    52  x    .8514  =   53.39  gm. 'used. 
1  toluene   -  1    Dencoic   acid. 

The  molecular  -.veiglit   of  toluene   divided  "by  tlie 
amount  of  toluene  used  equ.als  tlie  molecular  weight 
of  'benzoic   acid  divided  Td"  the   amount   of  "benzoic 
acid  produced. 

92.1       -      53.59    ;      x    —      70.77   gm. 

1S2.0$ X 

2  OrOg   -  1   oens oic   acid, 
200  -  1^4.4;   X   r     118.65  rem. 

iDenzoic   acid. 

In  the   conduct   of  work  descrihed,    it  was 
fou.nd  that  many  unexplained  difficulties  present- 
ed themiselves,    and   several  of  tliese  might  "be  prof- 
italDl37  investigated. 

'.Tith  laboratory    apparatus,    and  the   limited 
means  of   operation  availahle,    tlie  production  of 
benzoic   acid  by  this  method  is  not   a   success,    since 
the  yield  is  only  about   five  loercent   of   the   the- 
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oretical   amount  "based  on  tlie   reduction  of  tlie 
chromic   acid. 

The  percentage  yield  of  the    second  Tdo:-:  run 
was   at) out   twice   that   of  the   first.      This,    it 
Y/as  concluded,   v;as  due   to   the   fact   that   a  .^-reat- 
er  prer^sure  was  used,    and  the  vaporisation  of 
toluene  was  nore   effective.      That   is,    the  vapor 
was  kept  const antl;^-  flowing,    and  at   a  rapid  rate. 
The   distrihution  of  the  vapor  throu2;h-out  the 
acid  v;as,    likev;ise,   much  oetter.      -'uiother 
difference,   which  mi.'C'ht   have  had   some   influence, 
v/as  that   in  the    second  case  no   time  was  allovred 
to    elapse  hetv.'een  the   end  of  the   run  and  the 
extraction  of  the  "oensoic   acid.      The   loss  of 
toluene  h^r  leakage  was  greater  in  the    second  ru.n, 
hov/ever,    than  in  the  first. 

Had  time  permitted,    an  effort  would  have  "been 
made   to   confirm  the   conclusion  reached,    that  ox- 
idation products,    other  than  henaoic   acid  are 
formed,    and  to   determ.ime,    if  possiole,   v/hat   the 
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products  are.      -.Iso,    tlie  possibility  of  tlie 
fomation  of   sulplionic   acidp  v;oiild  liaYe  been 
investigated, 

In  effort  would,    likewise,   have  been  made 
to   devise   apparatus  by  r/hicli  tlie   toluene   could 
be   constantl^j  drav;n  off,    and  not   allo'.'ed  to 
accui'nulate   in  the   oxidising-  chamber.      The  meth- 
od of  vaporizing,    and  the   distribution  of  the 
vapor,    are  natters  of  mechanical   detail,    to 
which  considerable   attention  should  be  given. 

Finally,    it    seems  certain  that   no    success- 
ful production  of  benzoic   acid  can  be   obtained 
with  apparatus   similar  to   that  used.      But,   neve: 
theless,    it   appears   quite  probable   that  by  mod- 
ifying conditions  and  apparatus,    the  process 
might  be  made   a  s-access. 
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